A8 7 4k 3R 2023, 38 (3):262-270 http://www.finyxb.cn
Fujian Journal of Agricultural Sciences doi: 10.19303/j.issn.1008-0384.2023.03.002

Falds, skE, SBCEE, SR MUK ACGTAR A (] LL GRS R W R R R R 2 R R D). AR R 2 T, 2023, 38 (3):
262-270.

WANG Y G, ZHANG F, WU X F, et al. Effects of Substituting Refined Forage with Beer Lees on Digestion and Microbial Diversity of Hu Sheep
Rumen [J]. Fujian Journal of Agricultural Sciences, 2023, 38 (3): 262-270.

EEFEE AR P AR GBI HEEE LB N
MEMZ R F R

1,2 2,3 — 4 ~ 23 N = 23%* N S 1*
, FRET, =R, 2L, 2 &/, xRl

&

ER:P S

(1. R R E SR 2 b (et ), R FEIN 350002; 2. fEAA RV B &E RS ENT ST, g
WM 350013; 3. WEAEEREBTMELTEE, mE HIN 350013;
4 WENEWEEHEARRS PO, WE WE  350300]

8 Z: [ER) DRSO RE R A IRDRR i AN () LA Ak Xl 390 988 18 ke T S AR ) 22 R s o), R ML 3
WP EHEAN ., [HFE] EEENRL . MHEARE (15.90+£036 kg) MMWIFE 24 B, BEHLY R 4 41, 251 0 1R
IR (FR+ATHORRL, i lL36%, T4, CK) RMUEAEE(C 13 (T4 ), 2/3 (M) Fdip (V4 ) i
MR, ARG, BAMIERINE, WEEXRWELABESHEMBEEMAEY ZHE 4%,
[4R] 1) MUBEAS AR SR LB RSB ER S pHE . ZAR . CRREFE LN IR M & & 5%
Wy (P>0.05), Bl DA MR TRE W RES T HMAKKH (P<005), 2) FEITAFE L, WU R A [F
Lo A RE X ) 98 B A W) )R BE T ] (Firmicutes ) . AT 7] (Bacteroidetes ) . ZZJE B[] ( Proteobacteria ) . H.J¢
W11 (Synergistetes ) . £F 4t 15 [ ( Fibrobacteres ) . A4k 1 ] ( Actinobacteria ) . A8 JE AT #i ] ( Epsilonbacteraeota ) |
WRJEAR T ( Spirochaetes ) FlIJCEETR '] ( Tenericutes ) (934 & BE ¥ JC W 35 M (P>0.05), iK% 1 41 (CK) HIEMA
I'T ( Verrucomicrobia ) )+ & & @ FH MK FHALLL (P<0.05). FEJE A [, PRI REE AR ARRL A R [R] Eb A5G ek Xt 380 2
JEEMAEYEFIRIKER (Prevotella) . BRI R (Succiniclasticum ) . W MU R (Intestinimonas ) . 1 2 1R 1A
J& (Tyzzerella) . J% ¥ ¥R B J& ( Ruminococcus ). 258 W& J& (Faecalicatena). 1T BRI J& ( Pseudobutyrivibrio ) I
YRR H R ( Hungateiclostridium ) W3 & TR ZE M (P>0.05), [£5i6) MUmss 20O RHE & T R 1 01
XA R, AR A B R TR 25 A R W RER T T A R

SHIR: MUPRE WIS HERMENRNIRR; WEMAY

hESAS: S816.4 SCERARSRS: A XEHS: 1008-0384 (2023) 03-0262-09

Effects of Substituting Refined Forage with Beer Lees on Digestion and Microbial
Diversity of Hu Sheep Rumen
WANG Yinggang', ZHANG Fu'”, WU Xianfeng™, LIN Yungin’, LI Wenyang™, LIU Yuan™ , LIU Qinghua'

[1. College of Animal Science (College of Bee science), Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002,
China; 2. Institute of Animal Husbandry and Veterinary, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013,
China; 3. Fujian Key Laboratory of Animal Genetics and Breeding, Fuzhou, Fujian 350013, China; 4. Fuging Animal
Husbandry and Veterinary Technical Service Center, Fuqing, Fujian 350300, Chinal
Abstract: [ Objective]l Effects of substituting refined meal in forage with beer brewing residues on the digestion and

microbial diversity of rumen of Hu sheep were studied to explore the feasibility of utilization of the waste material.
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[ Methods] Twenty-four healthy Hu sheep with similar body weight of (15.9040.36) kg were randomly divided into 4
groups. The animals were fed with a basic forage that consisted of corn and soybean meal at 36% as control (Group I) or one
that used beer lees to replace 1/3 (Group 1I), 2/3 (Group III), or total (Group IV) of the meal. At end of the feeding period, 3
sheep were randomly selected from each group to determine the digestion indicators and microbial diversity in the rumen fluid.

[ Results] (1) None of the substitutions showed significant differences on volatile fatty acids, pH, ammonia nitrogen, or
acetic acid in the rumen (P>0.05), but significantly higher on isobutyric acid in Group II than others (P<<0.05). (2) At phylum
level, no significant differences on richness of diversity were introduced by the substitutions on Firmicutes, Bacteroidetes,
Proteobacteria, Synergistetes, Fibrobacteres, Actinobacteria, Epsilonbacteraecota, Spirochaetes, and Tenericutes (P> 0.05).
However, the diversity of Verrucomicrobia in Group I was significantly lower (P<<0.05). At genus level, the beer lees
replacements in the forage did not significantly alter the diversity on Prevotella, Succiniclasticum, Intestinimonas, Tyzzerella,
Ruminococcus, Faecalicatena, Pseudobutyrivibrio, and Hungateiclostridiumhad (P>0.05). [ Conclusion] The replacement
of the refined meal in forage with beer lees reduced the relative richness of Verrucobacteria but did not significantly changed

the microbial community structure and diversity of the rumen fluid.

Key words: Beer lees; Hu sheep; volatile fatty acids; rumen microorganism
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Table 1 Nutritional composition of basal diet (DM basis)

TiH 58 T 41 358 1AL a5 IV 4L
Items Group I Group Il Group III Group IV

J5UBl Ingredients

NP4 Brewers dried grain/% 0.00 12.00 24.00 36.00
K Corn/% 24.00 16.00 8.00 0.00
Al Soybean meal/% 12.00 8.00 4.00 0.00
4 7H Chaff bran/% 9.00 9.00 9.00 9.00

ZeAT R B Hybrid penisetum/% 5150 5150  51.50  51.50

WA CaHPOL/% 0.50 0.50 0.50 0.50
Ay Limestone/% 1.50 1.50 1.50 1.50
1 NaCl/% 0.50 0.50 0.50 0.50
ik Premix/% 1.00 1.00 1.00 1.00
&1t Total/% 100.00  100.00  100.00  100.00

327K F Nutrient levels”

HHLH OM/% 90.18  90.12  90.11 89.75
FRHE ME/ (MIkg ™) 9.52 9.19 8.56 8.14
HFE GE/ (MI'kg D) 1700 1680 1668  16.56
PP 4T 4E NDF/% 46.98 4938 5407  57.13
FRYEVE 4T 4E ADF/% 26.54 2891 3020 30.71
FE H I CP/% 1220 1260 1327  13.71
5 Ca/% 0.77 0.78 0.81 0.83
S TP/% 0.23 0.24 0.24 0.25

D BT AR TR A 54 Cu 20.0 mg, Fe 80.0 mg, Mn 30.0 mg, Zn
80.0 mg, I1mg, Se 0.30 mg, VA 20 000IU, VD 5000IU, VE 50.0
mg. 2) AABREATHEE, HAb S,

1) The premix provid the following per kg of diets: Cu 20.0 mg, Fe 80.0 mg,
Mn 30.0 mg, Zn 80.0 mg, I 1 mg, Se 0.30 mg, VA 20 000 IU, VD 5 000 U,

VE 50.0 mg. 2) ME is calculated, others are measured values.
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Table 2 Effects of different forages on Hu sheep rumen digestion indicators

Wi H a1 A X8 1126 PRI T RIS TV A

Items Group | Group I Group 11 Group [V
pHI{H pH value 6.7340.005 6.9910.06 6.7940.07 6.85+0.009
FAFNH;-N/ (mg-dL™) 9.40+0.45 9.83+0.54 10.500.50 10.97+1.02
2. Acetate/ (mmoL-L™) 473543.52 49.3143.68 51.79+3.86 50.97+3.89
Vil Propionate/ (mmoL-L™) 20.5341.69 21.71£1.72 22514235 20.57+3.20
5T Isobutyrate/ (mmoL-L™) 4.1240.85b 6.74+0.71 a 2.4740.80 b 3.60+0.95b
T Butyrate/ (mmoL-L ™) 15.8442.05 16.3443.56 18.361.20 17.59+£1.07
5% Isovalerate/ (mmoL-L™) 3.60+1.01 6.48+2.56 5.2242.20 3.78+2.60
&% Valerate/ (mmoL-L™) 1.0340.35 1.5640.23 1.6640.39 1.3040.42
R/ TN Acetate/Propionate 2.3340.20 2.2740.23 2.31£0.25 2.57+0.24

RATESE ARG FREORZR B (P<0.05) . TR,

In the same row, data with different lowercase letters indicate significant differences(P>>0.05). The same as below.

1275, 1188, 1206 4~, FHAIOTUs 4656 1~ 45RE

TN, 4 ARG A TR AR B ] s B AR A Sk

e 3 AT, #1541 Simpson 5502 %A
Z (P>0.05), % IV 4 A9 Shannon F5 50 i & =5 T
HAhH (P<<0.05), 1L T2 A1 56 1V 244 Chaol

R RERTIRGE T HMRETH (P<0.05), ik
5 1 2 A Ace 38 508 35 1% T 0 46 I 45 A1 56 TV 241
(P<0.05), {56 IV 4111 Ace 6500 % & Tl 1
ZHANAER T4 (P<0.05),

F3 EBBAARP IR G R XHEE S EE Alpha Z 4IRS
Table 3 Effects of different forages on fungal alpha diversity index of Hu sheep rumen

R gE| k5 14 R 1126 RIR T R IV AL

Items Group [ Group Il Group III Group [V
Shannon?$ %{ Shannon index 7.9854+0.062 b 7.93240.060 b 8.0124+0.073 b 8.48940.059 a
Simpsoni % Simpson index 0.988 7£0.002 0.9886+0.003 0.9851+£0.002 0.99174£0.002

Chaol#5%{ Chaol index 851.228+51.106 b

Acefi % Ace index 929.949+57.366 be

805.601+50.205 b

791.286+48.859 ¢

1056.283+61.488 a 1191.569+58. 476 a

1092.112+48.547 ab 1146.678+46.839 a

222 "RIBAEH AR P KB LA AR A H 8 F
AGTIRKFLEABEFEREGH R FETTKFE LRI
FREF T WEE T E S, SR (k4) KB,
W 2E 90 B R W R R AR T T KT S BT R
BETA] ( Firmicutes ) . $UFF#1] ( Bacteroidetes ) . 8JE
B[] (Proteobacteria ) . H.FFHI[ ] ( Synergistetes ) FIZF
HEFFEAT] ( Fibrobacteres ) o MUPGRER IR HAS [R] L A57]
K L XE 1 2F 0 8 oA W) )R BE TS 1] (Firmicutes ) |
fUFFEETT ( Bacteroidetes ) . [T ( Proteobacteria ) |
HIFFH] ( Synergistetes ) . £F4EFTET ] ( Fibrobacteres ) .
o2 WO I M| T

( Epsilonbacteraeota ) . 2 Ji€ {4 [] ( Spirochaetes ) I

( Actinobacteria ) .

JCRET ] ( Tenericutes ) W45 T E ¥ (P>
0.05). % I 4 % 5B W '] (Verrucomicrobia )

MWESEREMRTREL. VA (P<0.05), X5
I AP PER AT ( Verrucomicrobia ) Y & i i 2 =
Fikg T M4 (P<0.05).

223 RIBAEH R P R B A AR A 2 H 8 F
AV EKFLAHFFEENT R FEJRKT LR
FREF TR ET 2Z S0, &R (ks5) KB,
W FIR B IE TR R R AT R & AT 2 IR
KFEJE (Prevotella ) . MR E ( Succiniclasticum )
WIS (Intestinimonas ) . BEEIRIA)E ( Tyzzerella )

F uncultured bacterium_f Ruminococcaceae, WP A
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Table 4 Effects of different forages on microbiota richness at phylum level of Hu sheep rumen (Hr: %)

T H W6 T4 RIE 114 ARG RGE IV A

Items Group | Group II Group IIT Group IV
JEEER ] Firmicutes 29.86+6.23 37.44+5.61 51.27+8.62 40.58£6.51
UFTF ] Bacteroidetes 18.104+3.23 15.76+4.10 11.89+4.28 14.56+3.87
A3 B ] Proteobacteria 1.43+0.23 0.59+0.39 0.8640.51 0.4340.21
H.F2H ] Synergistetes 1.2740.20 0.3740.02 0.18£0.06 0.73£0.25
LTYERT ] Fibrobacteres 0.06+0.01 0.78£0.21 0.0840.02 0.0640.01
HLE B 1] Actinobacteria 0.03%0.01 0.27+0.22 0.15+0.10 0.46+0.20
AFFFF 1] Epsilonbacteraeota 0.087+0.012 0.009+0.001 0.388+0.021 0.001£0.001
1244 ] Spirochaetes 0.195+0.052 0.044+0.068 0.080+0.058 0.12440.060
JEEEH ] Tenericutes 0.008+0.034 0.052+0.038 0.0190.032 0.026+0.045
PEME 7] Verrucomicrobia 0.002£0.002 ¢ 0.026+0.003 a 0.0110.002 be 0.0170.005 ab

B KL v S [R] B AR0KE e o 0 2R 08 B AR s R
[KFEJE (Prevotella ) . 38¥ARRRE B ( Succiniclasticum ) .
M 5B s & = R W&

( Tyzzerella )uncultured _bacterium_f Ruminococcaceae .

( Intestinimonas ) -

SR EEREE ( Ruminococcus ) . uncultured_bacterium_o_
Clostridiales . Z$/EW)E ( Faecalicatena ) . T BRI
J& ( Pseudobutyrivibrio ) FI4E KR W & ( Hungateiclo-
stridium ) (W) & FE T 03500

=5 MEREEREARPIARLIBRLCENFESNENE KT LEHFETE
Table 5 Effects of different forages on microbiota richness at genus level of Hu sheep rumen AL %)

T H e T4 X8 112 RER T XA TV 2

Items Group | Group I Group III Group [V
WEHIKIKHE Prevotella 17.9443.95 15.684+3.94 10.6143.95 14.46%3.95
IR I8 Succiniclasticum 424+187 237+ 1.64 6.68+1.34 9.21+1.52
W S M 1R Intestinimonas 3.34%1.82 443+1.42 4.67+2.10 6.621+2.87
BRI 1A R Tyzzerella 4.07+1.56 4.05+1.30 6.05+0.89 3324120
Uncultured_bacterium_f Ruminococcaceae 1.20+1.95 4.16+2.01 7.09+3.56 3.71+1.89
I8 B R R Ruminococcus 2.63+1.56 2.90%0.89 3.594+0.85 3.58%1.02
Uncultured_bacterium_o_Clostridiales 4.09+1.56 1.67+1.02 2.194+0.89 223+1.33
(T I8 Faecalicatena 0.03+0.00 1.58+1.14 3.63+0.87 0.52+0.23
BT ERIREE Pseudobutyrivibrio 0.59+0.23 1.360.65 1.21+0.56 2.30%0.75
FrIRR 1A I8 Hungateiclostridium 0.62+0.05 2.00+0.25 1.8540.52 0.3840.03

224 hEkE R M AT
TR TN A8 R AE 2 51 5 Ak A W R DR B B 5 2 e 4 %)

fii F§ PICRUS® %% 1, ¥

5 R A R AN ] B BB ok T80 =0 S ol i

(ANZipEE e

WAEAH - R AR & . PUAER A

FRE AL, JFX A B RGBT Y A
Fe, i KEGG PR i A2 1 20 Wi J 22 5 40 i, X
H YR E S Re e T I . S52R (R 6) KW, M

Yol AR EY G L. A TRIPREE A A )
R BRACHE . ABC #az | IR A R ne A QY
TRETC . 2 5
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Table 6 Effects of different forages on genes proportion of predicted functions of microbial community in Hu sheep rumen

(AL %)

=] 5 14l 5 114 G T4 R VAL

Items Group | Group I Group 11 Group [V
R4 4% Metabolic pathways 17.4340.89 17.2540.89 17.1940.89 17.3440.89
UAEARH =W 4 )& i Biosynthesis of secondary metabolites 8.0040.02 7.9610.02 8.05+0.02 8.0540.02
YiAE R4 W45 i Biosynthesis of antibiotics 5.8440.02 5.8340.02 5.8740.02 5.8740.02
RIEFR I A= P04 i Biosynthesis of amino acids 4.10+0.07 4.22+0.07 4.35+0.07 426+0.07
AN[RIIAEE A 4R Microbial metabolism in diverse environments 3.7840.02 3.76£0.02 3.76£0.02 3.75+0.02
%A% Carbon metabolism 2.6210.02 2.60+0.02 2.561+0.02 2.58+0.02
ABC#%iz ABC transporters 2.204+0.14 2.411+0.14 2.621+0.14 2.39+0.14
R4 4§ Purine metabolism 2.11£0.01 2.1240.01 2.1010.01 2.10£0.01
W5 A4t Pyrimidine metabolism 1.8240.02 1.8340.02 1.7940.02 1.8340.02

3 itk

3.1 EEEERERPTEL BRI AEEE XL
[Z3: kA

Jo 1 pH &R A sh YR B AR S AR B R B
FERZE G4 as L R E pH A2 B £ 58 K b
JE iR VEA 550 i v 22 wi bk 22 8] A B4R 09 5% 0
1M HLE 2 298 B R Wi VEA RS 6 BE it i 1 5
Wil 9 R AE pH 7E 6.00 ~7.00, &5 I B i
PR, R R R 4 R T AR,
P2 AN [R] 7K 7 B MU RS I, 9 SE 0% N pH 1E
6.73~6.99 WA S, Jo ik Ak, 1d I PR Y AR
iR W pH R

NH;-N (1% 3 B 0] D s i) e 25 28040 o %) % i
AMCEY X AW, I8 8 WS NHy-N i Fh
8~10mg-dL ', {H 6.3~27.5 mg-dL ' )& T iF % 45 5h
JE Y R NH-N Ve TR el A R
HEHAEWEE ., RFRT, NH-NMG WK E R
9.40~10.97, AbTIEHJEEIA, Jf B PR A
A ) EL R R o i 298 1 B NH-N VR B Gt 3%
SO o RO, MR AR L R LA Bl W X A
WEANTE, ANoiHEE & EET Y NHe-N ik ™
ENES 2 0

P& VNG TR VEA 1R —F k227, G
2. R . TRRAGIRSE, T2 hE S e R
REE R K AL S W77, VEA — 7 10 AT LAAE Sy —Fih ol
WA R E AR, 55— A 95% i VFA 1]
BRI HEAT B AL RE S A SIS T BR TR,
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